Background and Objectives: Excretion of urinary protein increases to 300 mg/d (from up to 150 mg/d) in normal pregnancy. Values above this may be due to disorders that can endanger the patient or her pregnancy. Quantitative analysis of 24-hour urine is considered the gold standard for ascertaining daily protein excretion. Routine laboratory tests performed on spot urine samples indicate protein concentration in the particular sample, and can lead to diagnostic error if urine output is less or more than 1L/d. The Protein Creatinine Index (PCI) shows good correlation with 24-hour protein estimation. However, PCI varies with sex and race. We have correlated the results of qualitative estimation procedures and the dipstick values with protein creatinine index.
Interpretations and Conclusions:
We conclude that heat coagulation test be used for initial screening, with PCI being performed on all samples testing positive to rule out false positives. 
InTROduCTIOn
Antenatal tests commonly performed include measurement of weight and blood pressure, estimation of haemoglobin, and qualitative tests for proteins in urine. While the upper limit of the urinary protein excretion is 150 mg/d in normal non-pregnant women [1] , it increased up to about 300 mg/d in normal pregnancy, due to increase in blood volume and, therefore, the glomerular filtration rate. Protein excretion exceeding 500 mg/d is central to the diagnosis of preeclampsia in a hypertensive pregnancy and is statistically associated with negative outcomes [2] .
Routine examination of random spot urine samples is usually performed by semi-quantitative tests like heat coagulation test, Heller's nitric acid test, and urinary dipsticks. Though easy to perform, these tests indicate the approximate protein concentration at the time of sampling and fail to give an idea about the total daily excretion of protein. Thus, if the urine output in one day is much less or more than 1 litre, misinterpretation of result is likely to occur. Daily excretion of protein can be ascertained only by quantitative analysis of protein in a 24-hour urine sample. This is often cumbersome, inconvenient, involves missing work/school, has poor compliance in ambulatory patients [3] , and often delays diagnosis and treatment [4] .
The estimation of Protein Creatinine Ratio (PCR) or Protein Creatinine Index (PCI) from spot urine samples obtained from pregnant women shows promising diagnostic value for significant proteinuria in suspected pre-eclampsia [5] , a condition that complicates 2%-8% of all pregnancies [6] . However, racial differences in creatinine excretion have been reported [7] with IndoAsians showing lower creatinine excretion and higher albumin/ creatinine ratios [8] . Therefore, results obtained in one racial/ethnic group may not be applicable to others.
Biochemistry Section
There is little data comparing protein excretion in the three trimesters of pregnancy [9] . We are unable to find literature comparing the urinary protein excretion in Indian non-pregnant and pregnant women. In the present study, performed on North Indian subjects, we have determined normal PCI in healthy non-pregnant women, compared it with that in pregnant women, and have compared the protein excretion and PCI in the three trimesters of pregnancy. We have also compared the routine qualitative tests and dipsticks with urinary PCI for the detection of proteinuria.
MeThOdOlOgy
The study was conducted during a period of 6 months (AprilSeptember, 2011) at Teerthanker Mahaveer Medical College and Research Centre, Moradabad, India, after obtaining permission from the Institute's Ethical Committee. Untimed urine samples were obtained from normal pregnant women (n=57) visiting the outpatient department of the Gynaecology and Obstetrics Department of the college. Urine samples from healthy nonpregnant women (n=80) of the same age group (between 18-36 years) were obtained similarly while the subjects were not in the menstrual phase of the cycle.
Qualitative and semi-quantitative analysis of urine for protein was performed using heat coagulation test, Heller's nitric acid test, and sulfosalicylic acid test [10] and by urinary dipsticks according to manufacturer's instructions. Quantitative colorimetric estimation of urinary protein was done by sulfosalicylic acid method [11] and of urinary creatinine by modified Jaffe's method [12] . Protein creatinine index of each urine sample was determined by the method of Shaw et al., [13] .
Statistical analysis: Normal range of urinary PCI was calculated from the data obtained from healthy non-pregnant subjects, using
dISCuSSIOn
The reference PCI range obtained from normal non-pregnant women in this study was 30-150. Shaw et al., [13] have reported a PCI of less than 125 in normal subjects (excreting 150 mg or less of urinary protein per day). Indians have less muscle mass and therefore excrete less creatinine than persons of Western origin, consequently showing slightly higher value of PCI. Gupta and Gupta [14] have reported a range of 37 to 247 in normal male and female subjects of Indian origin, of the age group 18 to 67 years. The higher values reported by them may be due to one or more of the following reasons:
Their study included subjects of both sexes. Usually, Indian 1.
males consume more protein than the females. Higher protein consumption is associated with increased excretion of urinary albumin [1] , thus raising the PCI.
The subjects in our study were younger (18-36 year). The 2.
number of functional nephrons decreases with advancement of age, causing increased GFR in the remaining nephrons [15] . This might result in increased protein excretion leading to higher PCI.
Muscle mass decreases with advancement of age [16] . 3.
Decreased muscle mass results in decreased formation and excretion of creatinine, leading to higher PCI values.
Protein excretion increased significantly in pregnancy [Table/ Fig-1 ]. The increase was slight in the first trimester and more in the second and the third trimesters. A prospective study by Higby et al., [17] on 270 gravidas showed the upper limit of urinary protein excretion of the 95% CI as 259.4 mg/d. They had further observed that proteinuria was greater in the second half of the pregnancy, as compared to the first. This observation matches ours, and was interesting as maximal increases in glomerular filtration have already appeared before mid pregnancy, and GFR might actually decline near term [18] . These observations suggest that either filtration or tubular reabsorption of proteins may change in late gestation [9] .
Excretion of creatinine showed significant increase in pregnancy due to the increase in GFR. The PCI was significantly higher in pregnant state. The increase in PCI in the first trimester was not statistically significant. However, significant increases were observed in the second and third trimesters. The range of PCI observed in the pregnant women (44.6-228.7) corresponds to a urinary protein excretion of up to 250 mg/d. If the urine output was more than one litre, the diluted urine would give the same PCI.
When the upper limit of normal urinary PCI was taken as 150, a correlation of qualitative tests with urinary PCI [Table/ Fig-2] showed the lowest rate of false positives by the heat coagulation test (10.2%), while the other tests (including dipsticks) showed much higher false positive results. False negative results varied from 1.5%-2.3%, with no discernible difference between different qualitative tests. It therefore appears that the heat coagulation test can be used to screen spot urine samples for the presence of protein. The PCI should be used as a confirmatory test, to rule out the possibility of false positives. Since the heat coagulation test may not be positive for the presence of small molecular weight proteins (as may be excreted in case of renal tubular disease), the merest hint of any renal disorder requires estimation of urinary PCI, using a protein detection method that is sensitive for the small molecular weight proteins also.
This study shows that the convenience of using only qualitative tests for urinary protein detection (dipsticks, sulfosalicylic acid test, Heller's nitric acid test, or heat coagulation test) may sacrifice the accuracy of diagnosis of proteinuria and consequently compromise the safety of the patient and her pregnancy. While these tests may be used in the routine examination of normal pregnant women, urinary PCI may be a better option in subjects in non-parametric method as the frequency distribution was nonGaussian. The 2.5th to 97.5th percentile (95%) of the frequency distribution curve was taken as the reference or normal range.
Data were compared by Student's t-test and by ANOVA. p-Values less than 0.05 were considered significant.
ReSulTS
The modal range of urinary PCI in non-pregnant women (with maximum number of observations) was 60-80. The normal range of urinary PCI as determined by the non-parametric method was 30-150.
[Table/ Fig-1 ] compares the urinary protein, creatinine, and PCI of normal non-pregnant and pregnant women. Significant differences were observed in all the three parameters. [Table/ Fig-2 ] compares the urinary protein, creatinine, and PCI obtained in the three trimesters of normal pregnancy by ANOVA. Significant differences were observed in all the parameters.
A total of 125 subjects (non-pregnant and pregnant) had PCI value less than of 125, while 12 subjects had PCI values greater than or equal to 150. [Table/ Fig-3 [ 
COnCluSIOnS
The normal range of PCI in young adult (18-36 years) North Indian non-pregnant women is 30-150. Protein concentration in spot urine sample cannot be used to rule out proteinuria if urine output is more than 1 litre/day.
The use of qualitative tests for urinary protein detection should be restricted to routine pregnancy check up, and the patient should be questioned about the quantity and frequency of urine passed in a day (normal/approximately 1 litre or more). Since the heat coagulation test correlates best with urinary PCI in spot urine samples, this may be used for screening urine samples for the presence of protein. Samples testing positive with the heat coagulation test should be rechecked by establishing the PCI to rule out false positives.
Protein creatinine index should be obtained immediately from spot urine samples on suspicion of any abnormal condition during or after pregnancy.
There is an urgent need to establish a single, unambiguous term for relating urinary protein and creatinine concentrations.
